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Hydromagnetic heat transfer by mixed convection along an inclined continuously stretching surface, with power-law
variation in the surface temperature or heat ﬂux, in the presence of Hall current and internal heat generation/absorption
has been studied. The surface is considered to be permeable to allow ﬂuid suction or blowing, and stretching with a surface
velocity varied according to a power-law. Two cases of the temperature boundary conditions were considered at the sur-
face. The governing equations have been transformed into non-similar partial diﬀerential equations which have been inte-
grated by the forth-order Runge–Kutta method. The eﬀect of Hall parameter, magnetic parameter, dimensionless blowing/
suction parameter, space and temperature dependent internal heat generation/absorption parameters and buoyancy force
parameters on the temperature, primary and secondary ﬂow velocity have been studied parametrically. All parameters
involved in the problem aﬀect the ﬂow and thermal distributions except the temperature-dependent internal heat genera-
tion/absorption in the case of prescribed heat ﬂux (PHF). Numerical values of the local skin-friction and the local Nusselt
numbers for various parametric conditions have been tabulated.
 2006 Elsevier Inc. All rights reserved.1. Introduction
The MHD mixed convection heat transfer from a continuous moving surface with Hall currents is of fun-
damental importance due to its possible engineering applications, for example, to MHD accelerators and gen-
erators, electric transformers, power generators, refrigeration coils and metallurgical processes which involve
cooling of continuous strips or ﬁlaments. Sakiadis [1] was the ﬁrst who presented the problem of moving sur-
face with continuous surface speed. Erikson et al. [2] extended Sakiadis’ problem to include blowing or suction
at the moving surface and investigated its eﬀect on the heat and mass transfer in the boundary layer. Tsou
et al. [3] reported analytical and experimental results for the ﬂow and heat transfer over a continuously moving0307-904X/$ - see front matter  2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.apm.2006.06.017
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law temperature variation. The open literature is rich with references dealing with boundary layer ﬂow over a
continuous solid surface, and through diﬀerent geometries. Some of these references consider the problem of a
stretching sheet with linear velocity and diﬀerent thermal boundary conditions (see, for instance, [5–9]). Others
considered MHD free convection past a hot semi-inﬁnite vertical ﬂat plate (see, for example, [10–12]). Banks
[13] investigated the ﬂow ﬁeld over a stretching surface with a power-law velocity variation. Recently, Ali [14]
and El-Bashbeshy [15] extended Banks work for a porous stretched surface for diﬀerent values of injection
parameter. The magnetic ﬁelds play an important role in the process of puriﬁcation of molten metals from
non-metallic inclusions. Many works have been reported on ﬂow and heat transfer of electrically conducting
ﬂuids over a stretched surface in the presence of a magnetic ﬁeld (see, for example, [9,16,17]). Suction and
injection at a stretched surface has been introduced in others studies [18–20]. In an ionized gas where the den-
sity is low/or the magnetic ﬁeld is very strong, the conductivity will be a tensor. The conductivity normal to the
magnetic ﬁeld is reduced due to the free spiraling of electrons and ions about the magnetic lines of force before
suﬀering collisions and a current is induced in a direction normal to both the electric and magnetic ﬁelds. This
phenomenon is called the Hall eﬀect, a number of publications have considered this issue (see, for instance,
[21–23]). Abo-Eldahab and El-Aziz [24] analyzed the problem of mixed convection heat transfer near an
inclined isothermal stretching sheet in the presence of blowing/suction, internal heat generation/absorption
and transverse magnetic ﬁeld.
The aim of the present wok is to provide a boundary layer analysis for the combined eﬀect of Hall current,
internal heat generation/absorption and wall blowing/suction on the MHD mixed convection ﬂow of an elec-
trically conducting ﬂuid over a permeable continuously stretching plate with power-law variation in the sur-
face temperature or heat ﬂux. The plate is inclined from the vertical yz-plane with an acute angle c. The ﬂow is
subjected to a strong extended magnetic ﬁeld normal to the plate. The transformed governing non-linear par-
tial diﬀerential equations are approximated by non-linear ordinary diﬀerential equations by replacing all the
ﬁrst order derivatives with respect to the buoyancy force parameters (n for PST case and f for PHF case) by
two-point backward diﬀerence formulaeoR
ok
¼ ðRi  Ri1ÞDk: ð1ÞHere R represents the dependent variable f, G or h, k represents buoyancy force parameter (n or f) and i is
the node location along the (n or f) direction. The equations obtained are solved numerically by applying an
eﬃcient numerical technique based on the shooting method. Numerical calculations are performed for various
values of Hall current m, magnetic ﬁeld M, space-dependent B* and temperature-dependent A* internal heat
generation/absorption, wall suction/blowing fw and buoyancy force (n, f) parameters.
The numerical values of the local Nusselt numbers Nux and the local skin-friction components have been
calculated and presented in tables.2. Mathematical formulation
The analysis of the physical situation is depicted in Fig. 1, which shows a continuous stretching semi-inﬁnite
sheet that moves in a quiescent viscous, incompressible and electrically conducting ﬂuid with a power-law
velocity, uw(x) = cx
p (where c and p are constants). The plate is inclined from the vertical with an acute angle
c and considered to be permeable to allow for possible ﬂuid suction or blowing. We choose a stationary frame
of axes (x, y, z) with the x-and y-axes taken parallel and normal to the plate, while the z-axis is parallel to the
leading edge of the plate. The origin of the Cartesian coordinates is located at the surface of the plate (y = 0)
and of the slot (x = z = 0). A uniform strong magnetic ﬁeld of strength B0 is applied normal to the plate. The
ﬂuid is assumed to be Newtonian, heat generating or absorbing and has constant properties except the density
in the buoyancy term of the momentum equation. The eﬀect of Hall current gives rise to a force in z-direction,
which induces a cross ﬂow in that direction, and hence the ﬂow becomes three-dimensional. To simplify the
analysis, we assume that there is no variation of ﬂow and heat transfer quantities in z-direction, which is valid
if the plate would be of inﬁnite width in this direction. Two conditions at the surface are considered in the
analysis are (I) prescribed surface temperature (PST), Tw(x) = T1 + Ax
n and (II) prescribed heat ﬂux
uw(x) = C xp
γ
T∞
g
x
y
Vw
Bo
Tw(x) = T∞ + A  xn
or qw(x) =  B  xm
z
Fig. 1. Physical model and coordinates.
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r. Here Tw(x) and qw(x) are, respectively, temperature and heat ﬂux at the wall; T1 is the
temperature at large distance from the surface. A and B are dimensional constants, and n and r are exponents.
We assume that the ﬂuid is non-magnetic, ion-slip and thermoelectric eﬀects, viscous and electric dissipations
together with short circuit can be neglected.
The generalized Ohm’s law including Hall current is given in the form:j ¼ r
1þ m2 ðE þ V  B 
1
ene
j  BÞ; ð2Þwhere j is the electric current density vector, V is the velocity vector, E is the intensity vector of the electric
ﬁeld, B is the induced magnetic vector, m is the Hall parameter and e is the charge of an electron, ne is the
number density of electrons. We also assume that E = 0. Assuming the plate to be electrically non-conducting,
the generalized Ohm’s law gives jy = 0 everywhere in the ﬂow. The current density components jx and jz are
given by:jx ¼
rB0
1þ m2 ðmu wÞ; ð3Þ
jz ¼
rB0
1þ m2 ðuþ mwÞ: ð4ÞBy the assumption of a small magnetic Reynolds number, an induced magnetic ﬁeld can be neglected in
comparison with the applied magnetic ﬁeld B0. Using Boussnesq and boundary layer approximations, the
governing conservation equations for steady, laminar, boundary layer-ﬂows can be written as:ou
ox
þ ot
oy
¼ 0; ð5Þ
u
ou
ox
þ t ou
oy
¼ m o
2u
oy2
 gbðT  T1Þ cos c rB
2
0
qð1þ m2Þ ðuþ mwÞ; ð6Þ
u
ow
ox
þ t ow
oy
¼ m o
2w
oy2
þ rB
2
0
qð1þ m2Þ ðmu wÞ; ð7Þ
qcp u
oT
ox
þ t oT
oy
 
¼ k o
2T
oy2
þ q000; ð8Þwhere (u, t, w) are the velocity components along the (x, y, z)-axes, respectively. q, m, r, k and cp are the ﬂuid
density, kinematic viscosity, electrical conductivity, thermal conductivity, and speciﬁc heat at constant pres-
sure of the ﬂuid, respectively b, q000 g and B0 are the coeﬃcient of thermal expansion, rate of internal heat gen-
eration (>0) or absorption (<0) coeﬃcient, acceleration due gravity and magnetic induction, respectively. The
plus and minus signs that appear on the right-hand side of Eq. (6) pertain to assisting and opposing ﬂows,
respectively.
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xm
 
AðT w  T1Þeg þ BðT  T1Þ½ ; ð9Þwhere A* and B* are the coeﬃcients of space- and temperature-dependent internal heat generation/absorption,
respectively. Note that when both A* > 0 and B* > 0, the case will be internal heat generation while it will be
internal heat absorption when both A* and B* are less than zero.
The boundary conditions suggested by the physics of the problem areuwðxÞ ¼ cxp; t ¼ V w; w ¼ 0; T wðxÞ ¼ T1 þ Axn; or qwðxÞ ¼ Bxr at y ¼ 0;
u! 0; w! 0; T ! T1; as y !1;
ð10Þwhere Vw is the surface mass ﬂux. It should be noted that positive values of Vw indicate ﬂuid blowing at the
sheet surface while negative values of Vw correspond to ﬂuid suction at the wall.
Case (I): Prescribed surface temperature (PST), Tw(x) = T1 + Ax
n
We introduce the dimensionless variablesg ¼ y
x
Re1=2x ; w ¼
m
x
Rexgðn; gÞ; f ðn; gÞ ¼ wðx; yÞðm2RexÞ1=2; n ¼ GrxRe2x cos c;
hðn; gÞ ¼ ðT  T1Þ=ðT wðxÞ  T1Þ; ð11Þ
where Rex = uw(x)x/m is the local Reynolds number, Grx = g b[Tw(x)  T1]x3/m2 is the local Grashof number
and w is the stream function satisfying the continuity equation withu ¼ ow=oy and t ¼ ow=ox: ð12Þ
According to Eqs. (11) and (12) we deduce thatu ¼ m
x
Rexf 0ðn; gÞ;
t ¼ 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
cmxp1
p p þ 1
2
f þ nðn 2p þ 1Þ of
on
þ p  1
2
gf 0
 
:
ð13ÞIn view of Eqs. (11)–(13) we can show that Eqs. (6)–(8) becomef 000 þ p þ 1
2
ff 00  pf 02  nðn 2p þ 1Þ f 0 þ of
0
on
 f 00 of
on
 
þ nh M
1þ m2 ðf
0 þ mgÞ ¼ 0; ð14Þ
g00  pgf 0 þ p þ 1
2
fg0 þ nðn 2p þ 1Þ g0 of
on
 f 0 og
on
 
þ M
1þ m2 ðmf
0  gÞ ¼ 0; ð15Þ
h00 þ Aeg þ Bh nPrhf 0 þ p þ 1
2
Prf h0 þ nPrðn 2p þ 1Þ h0 of
on
 f 0 oh
on
 
¼ 0: ð16ÞThe transformed boundary conditions are given byf 0ðn; 0Þ ¼ 1; f ðn; 0Þ ¼ ½2=ðp þ 1Þfw; gðn; 0Þ ¼ 0; hðn; 0Þ ¼ 1;
f 0ðn;1Þ ¼ 0; gðn;1Þ ¼ 0; hðn;1Þ ¼ 0: ð17ÞThe primes in the above equations and expressions indicate diﬀerentiation with respect to g, M ¼ rB20x=quw is
the magnetic parameter, Rex = uw(x)x/m is the local Reynolds number, Grx = gb(Tw(x)  T1)x3/m2 is the local
Grashof number, Pr = lcp/k is the Prandtl number and fw ¼ xV wRe1=2x =m is the dimensionless blowing/
suction parameter.
The local shear stress components swx, swz in the x- and z-directions, respectively, are given byswx ¼ louoy

y¼0
¼  luw
x
Re1=2x f
00ðn; 0Þ; ð18Þ
swz ¼ lowoy

y¼0
¼  luw
x
Re1=2x g
0ðn; 0Þ: ð19Þ
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oT
oy

y¼0
¼  k
x
ðT wðxÞ  T1ÞRe1=2x h0ðn; 0Þ; ð20Þ
NuxRe1=2x ¼ h0ðn; 0Þ: ð21ÞCase (II): Prescribed heat ﬂux (PHF), qw(x) = Bx
r
For this case, we introduce the following non-dimensional variables:g ¼ y
x
Re1=2x ; f ¼ GrxRe5=2x cos c;
F ðf; gÞ ¼ wðx; yÞ=mRe1=2x ; /ðf; gÞ ¼ kðT  T1ÞRe1=2x =xqwðxÞ:
ð22ÞApplying the above transformation to Eqs. (6)–(8) one can obtain the following system of dimensionless
partial diﬀerential equations:F 000 þ p þ 1
2
FF 00  pF 02 þ f
2
ð2r  5p þ 3Þ F 00 oF
of
 F 0 oF
0
of
 
þ f/ M
1þ m2 ðF
0 þ mGÞ ¼ 0; ð23Þ
G00 þ p þ 1
2
G0F  pF 0G f
2
ð2r  5p þ 3Þ F 0 oG
of
 G0 oF
of
 
þ M
1þ m2 ðmF
0  GÞ ¼ 0; ð24Þ
/00 þ Aeg þ B/ðf; 0Þ þ p þ 1
2
PrF/0  1
2
ð2m p þ 1ÞPrF 0/þ 1
2
Prð2m 5p þ 3Þf /0 oF
of
 F 0 o/
of
 
¼ 0;
ð25Þwhere Grx ¼ gbqwðxÞx
4
km2 is the modiﬁed local Grashof number.
The transformed boundary conditions areF 0ðf; 0Þ ¼ 1; F ðf; 0Þ ¼ ½2=ðp þ 1Þfw; Gðf; 0Þ ¼ 0; /0ðf; 0Þ ¼ 1;
F 0ðf;1Þ ¼ 0; Gðf;1Þ ¼ 0; /ðf;1Þ ¼ 0; ð26Þwhere primes in the above equations and expressions denote diﬀerentiation with respect to g. In view of the
velocity ﬁeld, the local shear stress components swx, swz in the x- and z-directions, respectively, are given byswx ¼ louoy

y¼0
¼  luw
x
Re1=2x F
00ðf; 0Þ; ð27Þ
swz ¼ lowoy

y¼0
¼  luw
x
Re1=2x G
0ðf; 0Þ: ð28ÞThe local Nusselt number is given byNuxRe1=2x ¼ 1=/ðf; 0Þ: ð29Þ3. Results and discussion
The present work generalizes the problem of mixed convection ﬂow over a continuously stretching inclined
surface with blowing/suction at the wall which presented by Abo-Eldahab and El-Aziz [24]. The ﬂow is sub-
jected to a strong undisturbed magnetic ﬁeld normal to the plate. Hall eﬀects and the internal heat generation/
absorption are taken into account. After certain transformations, numerical solution has been obtained using
the forth-order Runge–Kutta method. Results are obtained for a range of values of magnetic parameter,
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ter, buoyancy force parameter and Hall parameter. It is worth mentioning here that, in the absence of the Hall
current (i.e. m = 0) the governing equations reduced to those obtained by Abo-Eldahab and El-Aziz [24]. In
order to verify the accuracy of the present method, we have shown a comparison of our results for the values
of h 0(n, 0) with those reported by Tsou [3], Soundalgekar and Ramana Murthy [4], Jacobi [25] and Ali [14]
for forced convection ﬂow on a continuous iso-thermal sheet (n = 0) with uniform motion (p = 0) (see Table 1).
The results of the numerical computations are displayed in Figs. 2–17 for the prescribed surface temperature
(PST) case and in Figs. 18–30 for the prescribed heat ﬂux (PHF) for distribution of the velocity and temper-
ature ﬁelds. Figs. 2 and 18 show the eﬀect of the Hall parameter on the secondary ﬂow velocity in the (PST)
case and (PHF) case, respectively. It is evident that, in both cases, the secondary ﬂow velocity increases for
m 6 1 and decreases for m > 1, being equal to zero when m becomes very large. It is worth mentioning hereTable 1
Comparison of the values of h 0(n, 0) for various values of Pr with M = A* = B* = fw = p = n = 0
Pr Tsou et al. [3] Soundalgekar and Ramana Murty [4] Jacobi [25] Ali [14] Present study
0.7 0.3492 0.3508 0.3492 0.3476 0.3508334
1.0 0.4438 – 0.4438 0.4416 0.443904
10.0 1.6804 1.808 1.6790 1.6713 1.6802515
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m = 1
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m =10
m = 5
m = 0
Fig. 2. Eﬀect of m on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = A* = 0.01, fw = n = 0, n = p = 0.5, Pr = 0.7 (PST) case.
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0.6
0.8
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η
fw = - 0.2, - 0.1, 0.0, 0.2, 0.6, 1.0
f  '
Fig. 3. Eﬀect of fw on the primary ﬂow velocity proﬁles f
0 withM = 0.1, B* = A* = 0.01, m = 0.1, n = 0, n = p = 0.5, Pr = 0.7 (PST) case.
01
2
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4
5
6
1E-3
g
fw = - 0.2, - 0.1, 0.0, 0.2, 0.6, 1.0
Fig. 4. Eﬀect of fw on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = A* = 0.01, m = 0.1, n = 0, n = p = 0.5, Pr = 0.7 (PST)
case.
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0.8
1
1.2
θ
fw = - 0.2, - 0.1, 0.0, 0.2, 0.6, 1.0
Fig. 5. Eﬀect of fw the temperature proﬁles h with M = 0.1, B* = A* = 0.01, m = 0.1, n = 0, n = p = 0.5, Pr = 0.7 (PST) case.
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ξ  = 0, 0.1, 0.2, 0.3, 0.4, 0.5
Fig. 6. Eﬀect of n on the primary ﬂow velocity proﬁles f 0 withM = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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for these variables are presented herein.
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Fig. 7. Eﬀect of n on the secondary ﬂow velocity g proﬁles with M = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, m = 0.1, Pr = 0.7 (PST)
case.
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Fig. 8. Eﬀect of n on the temperature proﬁles h with M = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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M = 0.5, 1.0, 1.5 
Fig. 9. Eﬀect of M on the primary ﬂow velocity proﬁles f 0 with B* = A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
1836 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846Figs. 3–5 and 19–21 display that an increase in the values of blowing/suction parameter fw decrease both
the primary and secondary ﬂow velocity components and the temperature proﬁles in the boundary layer. This
is attributed to the fact that imposition of the wall suction (fw > 0) reduces both the momentum and thermal
boundary layer thickness which, in turn, reduce the velocity and temperature.
0
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0.014
0.016
0.018
g
M = 0.5, 1.0, 1.5 
Fig. 10. Eﬀect of M on the primary ﬂow velocity proﬁles g with B* = A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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0.6
0.8
1
1.2
M = 0.5, 1.0, 1.5
Fig. 11. Eﬀect of M on the primary ﬂow velocity proﬁles h with B* = A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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A* = - 0.5,-0.2, 0.0, 0.5,1.0, 2.0 
Fig. 12. Eﬀect of A* on the primary ﬂow velocity proﬁles f 0 withM = 0.1, B* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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6–8 and 22–24. It is obvious that increases in the values of n and f in both (PST) and (PHF) cases, respectively,
produce an increase in the primary and secondary ﬂow velocities. On the other hand, the temperature proﬁles
0 1 2 3 4 5 6 7
0
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1E-3
η
g
A* = - 0.5,- 0.2, 0.0, 0.5, 1.0, 2.0 
Fig. 13. Eﬀect of A* on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST)
case.
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A* = -0.5, -0.2, 0.0, 0.5, 1.0, 2.0 
Fig. 14. Eﬀect of A*on the temperature proﬁles h with M = 0.1, B* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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Fig. 15. Eﬀect of B* on the primary ﬂow velocity proﬁles f 0 withM = 0.1, A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
1838 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846decrease as n and f increase. This is attributed to the fact that the increase in the positive values of the buoy-
ancy force parameter induces a favorable pressure gradient that enhances the ﬂuid ﬂow and heat transfer in
the boundary layer.
0 1 2 3 4 5 6 7
0
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4
1E-3
η
B* = -0.4, -0.2, 0.0, 0.1, 0.2
g
Fig. 16. Eﬀect of B* on the secondary ﬂow velocity proﬁles g with M = 0.1, A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST)
case.
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Fig. 17. Eﬀect of B* on the temperature proﬁles h with M = 0.1, A* = 0.01, fw = n = 0, n = p = 0.5, m = 0.1, Pr = 0.7 (PST) case.
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Fig. 18. Eﬀect of m on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
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diﬀerent values of the magnetic parameter M in the (PST) case. It is will known that the application of a
uniform magnetic ﬁeld normal to the ﬂow direction gives rise to a force called Lorentz force. This force
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Fig. 19. Eﬀect of fw on the primary ﬂow velocity proﬁles f
0 with M = 0.1, B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 20. Eﬀect of fw on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 21. Eﬀect of fw on the temperature proﬁles h with M = 0.1, B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
1840 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846has the tendency to slow down the velocity of the ﬂuid in the boundary layer and to increase its temperature.
These behaviors are clearly illustrated in Figs. 9 and 11. In the absence of the magnetic ﬁeld (M = 0) there is
no secondary ﬂow velocity (g = 0) and as M increases (consequently m increases), a cross ﬂow in the lateral
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Fig. 22. Eﬀect of f on the primary ﬂow velocity proﬁles f 0 with M = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 24. Eﬀect of f on the temperature proﬁles h with M = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 23. Eﬀect of f on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = A* = 0.01, fw = n = 0, p = 0.5, Pr = 0.7 (PHF) case.
E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846 1841direction is greatly induced due to the Hall eﬀect. This is clearly depicted in Fig. 10. The eﬀect of the magnetic
ﬁeld parameter on the velocity and temperature ﬁelds in (PHF) is the same as in the (PST) case as shown in
Figs. 25–27.
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Fig. 26. Eﬀect of M on the secondary ﬂow velocity proﬁles g with B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 25. Eﬀect of M on the primary ﬂow velocity proﬁles f 0 with B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
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Fig. 27. Eﬀect of M on the temperature proﬁles h with B* = A* = 0.01, fw = n = 0, f = p = 0.5, Pr = 0.7 (PHF) case.
1842 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846Figs. 12–14 and 28–30 show the inﬂuence of the spatial dependent internal heat generation/absorption
parameter A* on the velocity and temperature ﬁelds in the boundary layer. It is obvious that the velocity
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Fig. 29. Eﬀect of A* on the secondary ﬂow velocity proﬁles g with M = 0.1, B* = 0.01, fw = n = 0, f = p = 0.5, m = 0.1, Pr = 0.7 (PHF)
case.
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Fig. 28. Eﬀect of A* on the primary ﬂow velocity proﬁles f 0 with M = 0.1, fw = n = 0, f = p = 0.5, m = 0.1, B* = 0.01, Pr = 0.7 (PHF)
case.
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Fig. 30. Eﬀect of A* on the temperature proﬁles h with M = 0.1, B* = 0.01, fw = n = 0, f = p = 0.5, m = 0.1, Pr = 0.7 (PHF) case.
E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846 1843and temperature distributions of the ﬂuid increase due to the increase in the values of A*. This is due to the fact
that the presence of heat source (A* > 0) in the boundary layer generates energy which causes the temperature
1844 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846of the ﬂuid to increases. Accordingly, the ﬂow velocity increases due to the buoyancy eﬀect. Moreover, for
large values of A*(A* = 2), a distinctive peak in the temperature proﬁle occurs in the ﬂuid adjacent to the wall.
This means that the temperature of the ﬂuid near the sheet higher than the sheet temperature and conse-
quently, heat is expected to transfer to the wall. The temperature-dependent internal heat generation/absorp-
tion B* aﬀect the ﬂow and thermal proﬁles only in the case of prescribed surface temperature (PST). The
velocity proﬁles for the primary ﬂow, secondary ﬂow and temperature increase with increasing B* as shown
in Figs. 15–17. It is worth mentioning here that the eﬀects of all parameters on the velocity and thermal ﬁelds
except B* in the (PHF) case are markedly increased in magnitude as compared to the (PST) case.
Tables 2 and 3 show that the local skin friction for the primary ﬂow is decreased as m, A*, n or f is
increased. On the other hand the local skin friction for the primary ﬂow is decreased by increasing the values
ofM or fw. From Tables 2 and 3 it was found that while the local skin friction for the secondary ﬂow increased
as a result of the presence ofM, A*, fw, n and f it increased when m increases to 1 and decreased for values of m
greater than 1. In addition, from Tables 2 and 3 it was observed that the increased values of fw or the buoyancy
force parameters increase the local Nusselt number, while the increased values ofM or A* decrease it. Finally,
the results in Table 2 indicate that the local skin friction for the primary and secondary ﬂow and the local
Nusselt number decrease as B* increases.Table 2
Variation of the dimensionless ski friction and local Nusselt number for various parameters with p = 0.5 and Pr = 0.7 (PST)
M m A* B* fw n f00(n, 0) g 0(n, 0) h0(n, 0)
0.5 0.1 0.01 0.01 0.0 0.5 0.923974 0.02808 0.57388
1.0 0.1 0.01 0.01 0.0 0.5 1.14694 0.04479 0.53504
1.5 0.1 0.01 0.01 0.0 0.5 1.33779 0.05723 0.50546
0.1 0.0 0.01 0.01 0.0 0.5 0.71019 0.0 0.6516
0.1 0.5 0.01 0.01 0.0 0.5 0.69865 0.30364 0.61773
0.1 1.0 0.01 0.01 0.0 0.5 0.68065 0.39006 0.62113
0.1 2.0 0.01 0.01 0.0 0.5 0.66171 0.03213 0.62483
0.1 5.0 0.01 0.01 0.0 0.5 0.65107 0.01571 0.62696
0.1 10 0.01 0.01 0.0 0.5 0.64915 0.00811 0.62735
0.1 0.1 0.5 0.01 0.0 0.5 0.73599 0.007194 0.97355
0.1 0.1 0.2 0.01 0.0 0.5 0.72019 0.007317 0.76225
0.1 0.1 0.0 0.01 0.0 0.5 0.71012 0.00739 0.62266
0.1 0.1 0.5 0.01 0.0 0.5 0.6742 0.0077 0.2856
0.1 0.1 1.0 0.01 0.0 0.5 0.66322 0.007708 0.06459
0.1 0.1 2.0 0.01 0.0 0.5 0.62196 0.00791 0.73555
0.1 0.1 0.01 0.4 0.0 0.5 0.73179 0.00721 0.91236
0.1 0.1 0.01 0.2 0.0 0.5 0.72357 0.007265 0.78501
0.1 0.1 0.01 0.0 0.0 0.5 0.71048 0.007386 0.62511
0.1 0.1 0.01 0.1 0.0 0.5 0.70124 0.007437 0.52251
0.1 0.1 0.01 0.2 0.0 0.5 0.68555 0.007567 0.38100
0.1 0.1 0.01 0.01 0.2 0.5 0.61528 0.007434 0.55031
0.1 0.1 0.01 0.01 0.1 0.5 0.66091 0.007428 0.58212
0.1 0.1 0.01 0.01 0.0 0.5 0.70935 0.007409 0.61529
0.1 0.1 0.01 0.01 0.2 0.5 0.81640 0.007239 0.68825
0.1 0.1 0.01 0.01 0.6 0.5 1.06611 0.006663 0.85469
0.1 0.1 0.01 0.01 1.0 0.5 1.35821 0.005898 1.04758
0.1 0.1 0.01 0.01 0.0 0.0 0.83185 0.006957 0.58666
0.1 0.1 0.01 0.01 0.0 0.1 0.76977 0.007173 0.60318
0.1 0.1 0.01 0.01 0.0 0.2 0.71037 0.007358 0.61707
0.1 0.1 0.01 0.01 0.0 0.3 0.65304 0.007521 0.62919
0.1 0.1 0.01 0.01 0.0 0.4 0.59737 0.007667 0.64004
0.1 0.1 0.01 0.01 0.0 0.5 0.54362 0.007796 0.65052
Table 3
Variation of the dimensionless ski friction components and local Nusselt number for various parameters with p = 0.5 and Pr = 0.7 (PHF)
M m A* B* fw f f00(f,0) g0(f, 0) 1//(f, 0)
0.5 0.1 0.01 0.01 0.0 0.5 0.82058 0.02899 0.529821
1.0 0.1 0.01 0.01 0.0 0.5 1.03982 0.04686 0.502864
1.5 0.1 0.01 0.01 0.0 0.5 1.23081 0.05995 0.484541
0.1 0.0 0.01 0.01 0.0 0.5 0.61741 0.0 0.560956
0.1 0.5 0.01 0.01 0.0 0.5 0.60346 0.30023 0.559616
0.1 1.0 0.01 0.01 0.0 0.5 0.58622 0.03835 0.561845
0.1 2.0 0.01 0.01 0.0 0.5 0.56826 0.03138 0.564226
0.1 5.0 0.01 0.01 0.0 0.5 0.55828 0.01528 0.565579
0.1 10 0.01 0.01 0.0 0.5 0.55649 0.07884 0.565822
0.1 0.1 0.6 0.01 0.0 0.5 0.73249 0.00691 0.953007
0.1 0.1 0.3 0.01 0.0 0.5 0.67234 0.00713 0.703646
0.1 0.1 0.0 0.01 0.0 0.5 0.61866 0.00728 0.56471
0.1 0.1 0.3 0.01 0.0 0.5 0.56594 0.00745 0.472836
0.1 0.1 0.5 0.01 0.0 0.5 0.53211 0.00755 0.427491
0.1 0.1 1.0 0.01 0.0 0.5 0.44655 0.00785 0.344537
0.1 0.1 0.01 0.6 0.0 0.5 0.61686 0.0072 0.561026
0.1 0.1 0.01 0.3 0.0 0.5 0.61686 0.0072 0.561026
0.1 0.1 0.01 0.0 0.0 0.5 0.61686 0.0072 0.561026
0.1 0.1 0.01 0.3 0.0 0.5 0.61686 0.0072 0.561026
0.1 0.1 0.01 0.5 0.0 0.5 0.61686 0.0072 0.561026
0.1 0.1 0.01 0.01 0.4 0.5 0.38824 0.00730 0.436857
0.1 0.1 0.01 0.01 0.2 0.5 0.49806 0.00733 0.496271
0.1 0.1 0.01 0.01 0.0 0.5 0.61781 0.00727 0.56248
0.1 0.1 0.01 0.01 0.2 0.5 0.74759 0.00711 0.635683
0.1 0.1 0.01 0.01 0.6 0.5 1.03585 0.00655 0.803226
0.1 0.1 0.01 0.01 1.0 0.5 1.35672 0.00580 0.997486
0.1 0.1 0.01 0.01 0.0 0.0 0.83708 0.00662 0.533547
0.1 0.1 0.01 0.01 0.0 0.1 0.72231 0.00698 0.549269
0.1 0.1 0.01 0.01 0.0 0.2 0.61780 0.00727 0.56248
0.1 0.1 0.01 0.01 0.0 0.3 0.52075 0.00753 0.573957
0.1 0.1 0.01 0.01 0.0 0.4 0.42945 0.00775 0.584167
0.1 0.1 0.01 0.01 0.0 0.5 0.34333 0.00794 0.593373
E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–1846 18454. Conclusions and remarks
The problem of steady, laminar, mixed convection heat transfer boundary layer ﬂow of an electrically-
conducting and heat generating or absorbing ﬂuid which is a function of both space and temperature from a
heated, continuously moving surface with non-uniform surface motion and variable thermal boundary condi-
tions is considered. The eﬀects of a strong magnetic ﬁeld, Hall current, wall suction/blowing are taken into
account. In the analysis, power-law surface velocity variation was assumed for the continuously stretching sheet
subject to two surface heating conditions: prescribed surface temperature (PST) and prescribed heat ﬂux (PHF)
of the power law form. The governing equations are transformed into dimensionless forms using suitable
non-dimensional variables and then solved numerically. Results are obtained for the velocity and temperature
distributions as well as the local skin friction and the local Nusselt number and presented for a wide range of
various governing parameters to explore the basic characteristics of the ﬂow and thermal transport processes.
The present study shows that
1. As the buoyancy force parameters increases the local skin friction components and the local Nusselt num-
ber increase.
1846 E.M. Abo-Eldahab et al. / Applied Mathematical Modelling 31 (2007) 1829–18462. As the Hall parameter increases the local skin friction for the primary ﬂow increases while the local skin
friction for the secondary ﬂow increases for m 6 1 and decreases for m > 1.
3. The local skin friction for the primary and secondary ﬂow increase while the local Nusselt number decrease
as A* increases. The same was observed as B* was increased in the (PST) case.
4. The eﬀect of temperature-dependent internal heat generation/absorption B* on the velocity and temper-
ature ﬁelds is insensible in the prescribed heat ﬂux (PHF) case.
5. As the magnetic parameter M increases, the local skin friction for the secondary ﬂow and the local Nusselt
number decrease while the local skin friction for the primary ﬂow increases.
6. The local skin friction for the primary ﬂow and the local Nusselt number increase while the local skin fric-
tion for the secondary ﬂow decreases with imposition of ﬂuid wall suction. The opposite trend was obtained
as the ﬂuid wall blowing was increased.
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